abstract Background: Severity of chronic obstructive pulmonary disease (COPD) is based either on symptoms/disability or lung function, which have no discernible correlation. We hypothesised that impulse oscillometry (IOS), a non-effortdependent measure of central and peripheral airway mechanics, could correlate to dyspnoea in COPD. Methods: We analysed screening data from 57 COPD patients who had spirometry, IOS and Medical Research Council dyspnoea score (MRC) measurements. We searched for predictors or correlations of MRC from IOS, spirometry and demographics. Results: MRC had no significant predictors or correlations from IOS, spirometry or demographics (possibly excepting smoking history, p=0.05). IOS correlated significantly with spirometry: FEV1 and FEF25-75 vs. R5-R20 (peripheral airway resistance), r=-0.499, p<0.001 and r=-0.397, p=0.002 respectively. Conclusion: MRC is not related to IOS or spirometry in COPD. IOS correlates well with spirometry, particularly peripheral airway resistance (R5-R20). IOS is useful, but does not provide a link between symptoms and pulmonary function measurements.
IntroductIon
Chronic obstructive pulmonary disease (COPD) is a major, worldwide, largely smoking-related condition associated with a significant burden of morbidity and mortality. 1 It is highly variable both in terms of clinical expression and underlying pathological abnormality with the two not necessarily related. 2 Methods of classifying severity of COPD must therefore encompass this variability in some way but at the same time reliably reflect the overall severity of disease. This is important because it is these classifications that are used to determine treatment as well as predicting likelihood of survival from COPD. Despite this, most classifications of COPD concentrate either on symptoms/disability (e.g. Medical Research Council [MRC] dyspnoea scale) 3 or lung function (e.g. Global initiative for chronic obstructive lung disease [GOLD]) 4 or British Thoracic Society (BTS) guidelines). 5 More recently the BODE index 6 which includes: body mass index, lung function, dyspnoea and exercise capacity has come some way to addressing the overall assessment of COPD severity. However, this is still limited to predicting mortality alone, without addressing distinct levels of clinical severity.
Impulse oscillometry (IOS) is a non-effort-dependent pulmonary investigation that provides information about airway mechanics -airway resistance and reactance (a measure of compliance) -at multiple levels throughout the bronchial tree. It is used as an aid to the diagnosis of obstructive pulmonary diseases, mainly asthma and COPD. It requires only tidal breathing to perform, while the equipment applies distinct oscillatory frequencies through a mouthpiece to the bronchial tree that are generated by what is essentially a loudspeaker -one analogy is 'bronchial sonar'. Specific frequencies relate to different levels through the bronchial tree: a frequency of 5 hertz (Hz) provides values for total airway resistance (R5) and reactance (X5); a 20Hz frequency gives a value for central or large airway resistance (R20); and if one subtracts the value of central airway resistance from that for total airway resistance (i.e. R5-R20), this provides a measure of peripheral or small airways resistance. Increasing values of airway resistance relate to worsening obstruction at each of these anatomical levels.
Impulse oscillometry has previously been found to be a sensitive measure of small airways function in both asthma 7 and COPD. 8 Indeed it is more sensitive in terms of assessing bronchodilation than spirometry alone. 9, 10 In children with asthma, abnormal IOS measurements also correlate with poor asthma control. 11, 12 However, IOS measurements are subject to more variability both within and between subjects (coefficient of variability
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Relationships between impulse oscillometry, spirometry and dyspnoea in COPD [Cv] approximately 10%) with COPD than spirometry (Cv 2-3%) [13] [14] [15] although it has been shown to remain fairly constant over three months. 8 This suggests that IOS cannot currently replace spirometry in the diagnosis of COPD, but is a useful confirmatory adjunctive test that is easy to perform. 16 The MRC dyspnoea scale has been validated in categorising the degree of disability afforded COPD patients due to breathlessness 17 -i.e. clinically relevant -but this was not associated with forced expiratory volume in one second (FEV1). Given that IOS can measure small (peripheral) airways function in COPD, 18 we hypothesised that this in particular could be more closely related to degree of breathlessness as measured by the MRC dyspnoea scale in COPD patients than standard spirometry, thus providing a tenable link between symptoms and the pathophysiology of pulmonary function when categorising the severity of COPD.
Methods
We prospectively collected data from single centre screening visits of consecutive COPD patients who attended from primary care to our research department between 2009-2011. The diagnosis of COPD was confirmed by a respiratory physician based on clinical history and spirometry. Chronic obstructive pulmonary disease was defined as fixed airflow obstruction (FEV1/ FVC [forced vital capacity] ratio <70%, and <15% FEV1 reversibility following 400 micrograms [µg] salbutamol) with a current or past history of smoking (≥10 packyears). Each individual had given their consent for their information to be held in our database and used for research purposes. Ethical approval was granted by Tayside Medical Research Ethics Committee.
Patients undertook IOS followed by spirometry (to avoid disturbance of IOS measurements) at the same screening visit. Each patient recorded their degree of breathlessness according to the MRC dyspnoea scale:
1. Not troubled by breathlessness except on strenuous exercise. 2. Short of breath when hurrying or walking up a slight hill. 3. Walks slower than contemporaries on level ground because of breathlessness, or has to stop for breath when walking at own pace. 4. Stops for breath after walking about 100 m or after a few minutes on level ground. 5. Too breathless to leave the house or breathless when dressing or undressing.
Baseline demographics were also recorded including: age, gender, body mass index (BMI), current smoking status and smoking history (pack-years).
Patients were also classified by GOLD stage:
1. Mild FEV1/ FVC ratio <70%, FEV1 ≥80%. 2. Moderate FEV1/FVC <70%, 50% ≤FEV1 <80%. 3. Severe FEV1/FVC <70%, 30% ≤FEV1 <50%. 4. Very severe FEV1/FVC <70%, FEV1 <30% or associated chronic respiratory failure or right heart failure.
Study measurements
Impulse oscillometry was performed in accordance with manufacturer's guidelines. A SuperSpiro spirometer was used to perform spirometry in accordance with European Respiratory Society (ERS) guidelines.
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Statistical analysis
All data were checked for normality of distribution prior to analysis. Any data that could not achieve a normal distribution with transformation were analysed using the equivalent non-parametric statistical tests. Primary analysis was performed using ordinal logistic regression with MRC dyspnoea scale (ordinal categorical variable) as the dependent variable and covariates that represented outcome measures (age, BMI, gender, pack-years smoking history, FEV1 and R5) to generate a model. Secondary correlation analyses were performed using either Pearson's or Spearman's rho tests for all outcome variables based on whether they were parametric or non-parametric variables respectively.
resuLts
Fifty-seven COPD patients who had both spirometry and IOS measurements at screening as well as having recorded a MRC dyspnoea score were identified. They had a mean age of 66.4 years, 58% were male, median GOLD stage was two, with a median MRC score of two. The remaining patient demographics are presented in Table 1 .
Ordinal logistic regression with MRC dyspnoea scale as the dependent variable could not demonstrate a useful model to describe it using the following representative covariates: age, BMI, gender, pack-years smoking history, FEV1 or R5 (model pseudo R 2 =0.111, p=0.392). At the level of individual covariates, pack-years smoking history was the only one potentially predictive of MRC dyspnoea scale (p=0.05) but was not a powerful enough predictor on its own to affect the overall model. The MRC dyspnoea scale did not directly correlate (Spearman's rho) with any IOS variables, spirometry or demographics (including pack-years smoking history) ( Table 2 ).
However, significant direct correlations (Pearson's) were found between IOS and spirometry variables as presented in Table 3 . Strong correlations were found between R5 (total airway resistance) with FEV1, FVC and Forced Expiratory Fraction (FEF) between 25-75% of FVC (FEF 25-75) . Also R5-R20 (peripheral airway resistance) vs. FEV1 (R= -0.499, p<0.001), R5-R20 vs. FVC (R=-0.521, p<0.001) and R5-R20 vs. FEF 25-75 (R=-0.397, p=0.002) correlated significantly. There were no correlations between central airway resistance (R20) and any spirometric variable.
dIscussIon
We have not demonstrated any significant relationship between MRC dyspnoea scale and IOS in COPD patients either by using regression modelling or through direct correlation testing. None of the spirometric or demographic variables were correlated with MRC either, with the possible exception of a trend towards packyears smoking history as a predictor of MRC.
There have been a number of different systems developed in an effort to help classify the severity of COPD. These have been largely based on symptoms (e.g. MRC dyspnoea scale) or lung function (GOLD stage), with the two seemingly operating independently of each other. 6, 20 There has been no good COPD severity grading system that draws on the benefits of measuring disability through symptoms in addition to correlating with objective measures of lung function, although using the two synchronously for patient assessment is likely to be more useful. 21 The BODE index 6 has come some way to achieving this but it still mainly predicts mortality rather than providing a true 'day-to-day' link between symptoms and lung function. We hypothesised that IOS may provide this elusive connection in COPD by being a measure of small airways function sensitive to more subtle changes in airflow dynamics at that level and thus bear a greater relationship to symptoms -breathlessness in particular.
Our finding of a lack of correlation between MRC dyspnoea scale and IOS is in contrast to the findings of a recent similar study by Haruna et al. examining peripheral lung function and patient reported outcomes in 65 male COPD patients. 22 They found that the IOS variable R5-20, thought to most accurately reflect peripheral airways resistance, was moderately correlated with both the St George's Respiratory Questionnaire (SGRQ) and the MRC dyspnoea scale to a similar degree in their cohort. Overall, their cohort had milder disease than our patients (FEV1= 1.64L cf. 1.37L) and less in the way of symptoms (Mean MRC=1.1, cf. median MRC=2). They also had fewer current smokers (17% cf. 40%) and no mention of overall smoking history in packyears. It may therefore be that certain correlations in one 'population' of COPD patients may not be true for others i.e. no clear overarching link between symptoms and IOS in all COPD patients. Indeed, whether IOS has a more direct link to symptoms in the early stages of COPD requires further evaluation.
Our findings are in agreement with previous studies that have failed to demonstrate any significant relationship between dyspnoea score and spirometry (FEV1). 17 This lack of correlation may be due to the fact that we have performed static measurement, single time point analysis here, whereas it has previously been reported that changes in trough FEV1 postbronchodilator is negatively correlated to change in SGRQ over time, and that the strength of the correlation increases over three, six, nine and 12 months. 23 Equally, patients' symptoms tend to be more variable day-to-day than their spirometry, requiring a more longitudinal analysis of this relationship. Longitudinal analyses of multiple outcomes in COPD are currently underway with the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) trial. 24 We have confirmed previous work 18, 25 demonstrating that IOS is significantly correlated to spirometry. FEV1 and FVC both correlate well in our cohort with total airway resistance (R5) as well as the peripheral airway measures Reactance at 5Hz (X5) and R5-R20 in our cohort. FEF 25-75, which itself is considered to reflect small airway closure, only correlated with R5 and R5-R20 and that to a lesser degree than FEV1 and FVC. R20, which is theorised to represent larger airways, was not correlated with any spirometric variable as shown previously 25 which certainly points to the smaller peripheral airways being of greater importance in the pathophysiology of COPD. Furthermore, statistically it would appear that the relative proportional contributions played by R5 and R20 in the composite measure R5-R20 are heavily in favour of R5 because of the similar correlations found using both R5 and R5-R20 with spirometric variables. The main strength of the present study is that this is a 'real-life' cross-sectional cohort of COPD patients from the community, on standard community-prescribed medications, with demographics representative of the general population in terms of their disease severity and almost equal numbers of men and women. The most relevant limitations to the study are small numbers of patients, lack of accurate inhaler therapy data and a disproportionately large number of patients in the MRC two dyspnoea score category which might have biased the results.
In conclusion there is no correlation between the MRC dyspnoea scale and IOS in COPD patients. In addition, the MRC dyspnoea scale does not correlate with spirometry (GOLD stage). IOS correlates well with spirometry, in particular the small (peripheral) airways measure R5-R20. Thus, despite the increasing use of IOS as a simple, non-effort dependent measure of lung function in COPD, it does not bring us any closer to describing the relationship between symptoms and pulmonary function in this debilitating disease. Further longitudinal studies examining this question are urgently required and indeed are already underway.
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